Abstract. Keratinocytes play an important role in the inflammatory response of the skin. UVB stimulates keratinocytes to secrete several cytokines. To our knowledge, there are no reports that have examined which layer or cell type is responsible for producing these cytokines. Thus, in this study we performed immunohistochemical experiments to determine the potential cells or layers that express interleukin (IL)-1 and IL-6. The results show that the expression of IL-1α and IL-6 was induced 3 and 6 h after irradiation, respectively. Furthermore, IL-1α was maximally expressed earlier than IL-6, suggesting that IL-1α exists in the cytokine cascade of the UVB response upstream of IL-6. In addition, IL-1α expression began in the upper layers of the epidermis, whereas all layers expressed IL-6. This study provides further insight into the roles of cytokines in UVB-induced skin inflammation.
Introduction
The epidermis is the outermost layer of the skin. The majority of its cells are keratinocytes, which comprise 95% of the total cell number. Keratinocytes play an essential role in the inflammatory response of the skin and produce many factors due to several exogenous stimuli, including UVB irradiation (1) (2) (3) . Some of the factors produced due to UVB stimulation are cytokines, including interleukin (IL)-1α IL-8, IL-6, Il-10 and tumor necrosis factor (TNF)-α. The secretion of these cytokines by keratinocytes triggers a cutaneous inflammatory response that develops in skin exposed to UVB (4) (5) (6) .
Keratinocytes move from the basement membrane zone towards the skin surface, forming several well-defined layers during transit. Those layers in ascending order are the basal, spinous, granular and cornified layers. While UVB is well known to induce the expression of proinflammatory cytokines, there are no available reports on which layer or cell type is responsible for their production. Therefore, we performed immunohistochemical experiments to determine which cells or layers express IL-1 and IL-6.
Materials and methods
Hirosaki hairless rats. The Hirosaki hairless rat is a mutant strain spontaneously derived from the Sprague-Dawley rat; the inheritance of the hairlessness trait is autosomal recessive (7) . Hirosaki hairless rats were housed in plastic cages in airconditioned rooms with a 12-h light/dark cycle at the Institute for Animal Experiments of Hirosaki University Graduate School of Medicine, and had free access to water and food. This study was carried out in accordance with the Guidelines for Animal Experimentation of Hirosaki University.
UVB radiation source. As a UVB source, a bank of 7 fluorescent sunlamps (FL20SE.30; Toshiba Medical Supply, Tokyo, Japan) emitting rays of 275-305 nm with a peak at 305 nm was used (8, 9) . The radiation dose was measured using a radiometer (UVR-3036/S; Clinical Supply, Japan).
Experimental design and UV irradiation. The preliminary data showed that the minimal erythema dose of the Hirosaki hairless rat is 100 mJ·cm -2 . A single dose of 2 minimal erythema UVB doses (200 mJ·cm -2 ) was administered to the dorsal sides of the Hirosaki hairless rats. The rat skins were excised at various time points after irradiation, and subjected to immunohistochemistry.
Immunohistochemistry. Skin tissues from treated rats were fixed in 10% formaldehyde and embedded in paraffin. Immunohistochemical staining for IL-1α and IL-6 was performed using the avidin-biotin-peroxidase complex (ABC) method (10) with their respective antibodies (Santa Cruz Biotechnology, Santa Cruz, CA). The biotinylated secondary antibody and Vectastain ABC kit were obtained from Vector Laboratories (Burlingame, CA). Specific binding was visualized with a 3,3'-diaminobenzidine tetrahydrochloride solution. Sections were then lightly counterstained with hematoxylin for microscopic examination. The specimens were examined and photographed using a microscope (Coolscope; Nikon, Tokyo, Japan) interfaced with a computer. The semiquantification of immunoreactivity on each slide was evaluated using NIH Image J software. The expression levels are expressed as mean (SD). 
Results
The Hirosaki hairless rats were treated with a single administration of 2 minimal erythema UVB doses, then their skin was biopsied at various times after irradiation, and the expression of IL-1α and IL-6 was immunohistochemically examined (Fig. 1) .
IL-1α expression began in the upper layers of the epidermis 3 h after UVB irradiation, and was detected in all layers 6 h after treatment. Subsequently, the immunoreactivity of IL-1α gradually decreased. Little or no IL-1α expression was observed 48 h after irradiation, and no reactivity was detected in any specimen after 4 or 7 days. The semiquantification of IL-1α reactivity also revealed the maximum expression at 6 h after treatment (Fig. 3A) .
IL-6 expression was detected in the first 6 h after the UVB treatment, peaking at 12 or 24 h (Fig. 2) . IL-6 expression was detected in almost all layers of the epidermis and completely disappeared 7 days after irradiation. The semiquantification of immunoreactivity revealed that there were no significant differences in expression between 12 h and 24 h. (Fig. 3B) .
Discussion
In this study, Hirosaki hairless rats were used for all experiments. A recent study shows that an 80-kb section of genomic DNA in 7q36 containing the basic hair keratin genes Kb21, Kb23, Kb26 and Krt2-25 is deleted in rats (11) . Furthermore, abnormalities in keratin genes may cause hairless phenotypes (11) . Our group has performed gene transfer experiments and obtained appropriate results (12) . When regular mice or rats are used for irradiation experiments, their hair must be shaved. Thus, Hirosaki hairless rats are useful for irradiation experiments because they do not require shaving.
IL-1α has many physiological functions in immune, metabolic and hematopoietic systems. Furthermore, keratinocytes are a major source of IL-1α. As a proinflammatory cytokine, IL-1α is involved in inflammatory and allergic skin diseases such as psoriasis and contact dermatitis. It also plays a key role in many recently defined auto-inflammatory diseases (13). These diseases are characterized by 'sterile' inflammation without infection, or the presence of auto-antibodies or autoreactive T-cells. Reduction in IL-1 activity results in the rapid remission of symptoms. Of note, several auto-inflammatory diseases also affect the skin. IL-6 is also an interleukin that acts as both a pro-and anti-inflammatory cytokine. It is secreted by keratinocytes and stimulates immune response in both normal and abnormal skin conditions (14) . The anti-IL-6 antibody tocilizumab is reported to be effective for treating psoriasis, reumatoid arthritis and Castleman's disease (15) .
UVB irradiation induces sunburn as well as IL-1α and IL-6 expression; therefore, these cytokines are responsible for inflammation during sunburn. In this study, we performed immunohistochemical experiments to determine the cells that express IL-1α and IL-6. We confirmed that the expression of IL-1α and IL-6 was induced, detected at 3 and 6 h after irradiation, respectively. Furthermore, IL-1α is maximally expressed earlier than IL-6, suggesting that IL-1α exists in the cytokine cascade of the UVB response upstream of IL-6. In addition, IL-1α expression began in the upper layers of the epidermis, whereas all layers expressed IL-6. The lower layers of the epidermis, including the basal layer, which maintains cell division, may possess some protective mechanisms against UVB in contrast with the non-proliferating upper layers.
This study revealed the detailed expression patterns of IL-1α and IL-6 in the epidermis and provides further insight intio the roles of cytokines in UVB-induced inflammation. However, we only irradiated the rats with a single administration of 2 minimal erythema doses. Further experiments using different animals and various UVB doses are required. In addition, animals should be repeatedly exposed to UVB in order to understand chronic cutaneous reactions to UVB. Figure 3 . Semiquantification of IL-1α and IL-6 expression. Hirosaki hairless rats were treated with a single administration of 2 minimal erythema doses and skin biopsies were collected at various times after irradiation. After immunohistochemistry for IL-1α and IL-6, the semiquantification of immunoreactivity was evaluated using NIH Image J. The expression levels are expressed as the mean (SD). 

